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1
FLUXLESS SOLDERING PROCESS

TECHNICAL FIELD

The present invention relates to a fluxless soldering
process adapted to be used where minute mating portions are

required to be soldered together with a high degree of
gastightness without using a flux as encountered in a pres-
sure sensor unit.

BACKGROUND ART

As an example, a pressure sensor unit has a joint portion
to be soldered, and this joint portion measures only about 0.5
mm. In addition, a high degree of gastigchtness such as a
leakage of less than 1x10™"" atm-cc/s is required. In the past,
therefore, 1n order to secure sufficient solder-wettability, a
flux has been applied to the soldered joint surface.

However, when a flux 1s applied and heated, gases are
orven off from the flux, creating voids 1n the joint portion.
These remaining voids are a main cause of insuilicient
cgastichtness 1n the soldered joint portion. Accordingly,
where the joint portion 1s very small, it 1s difficult to 1mprove
the gastichtness in the joint portion. Furthermore, 1t 1is
necessary to wash away flux residues after soldering. This
increases the number of the soldering steps. Also, the use of
a detergent made from a Freon 1s not desirable for protection
of environment.

Accordingly, an improved fluxless soldering method has
been proposed 1n Japanese Patent Laid-Open No. 218950/
1991. In particular, two members to be bonded together are
spaced from each other vertically. The balance between the
solder-wettabilities of the bonded members 1s improved by
making use of both a load and the weight of the solder 1tselt
which acts to push the solder and cause it to flow. However,
where a glass substrate used 1n a pressure sensor having a
sensor chip on which a semiconductor circuit of a large scale
integration 1s mtegrally formed 1s bonded to a metal stem by
this method, the surface of the sensor chip extends in such
a direction that the chip makes contact with a jig during

assembly, thus scratching the surface of the sensor chip. This
deteriorates the electrical characteristics.

In view of the foregoing, the present invention has been
made. It 1s an object of the invention to provide a fluxless
soldering process capable of bonding a pressure sensor unit
having a sensor chip incorporating a semiconductor circuit
of a large scale integration, for example, to a metal stem
without scratching the surface of the sensor chip so as to
improve the balance between the solder-wettabilities of both
joint surfaces of portions to be soldered.

DISCLOSURE OF THE INVENTION

The above object 1s achieved by forming a nickel layer for
soldering on the surface of a first member to be soldered and
an oxidation-preventing layer for preventing the nickel layer
from oxidizing. The first member undergoes a thermal
hysteresis before the soldering. The thickness of this
oxidation-preventing layer 1s so determined that movement
of nickel atoms of the nickel layer toward the top surface of
the first member 1s restricted i1n relation to the thermal
hysteresis. A solder foil 1s melted by heating 1t 1n a reducing

atmosphere. In this way, this first member 1s soldered to a
second member.

In this soldering method, even if the first member under-
ogoes the thermal hysteresis, the oxidation-preventing layer
overlying the nickel layer i1s thick enough to effectively
prevent nickel atoms of the nickel layer from being ditfused
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up to the top surtace of the first member. In consequence,
substantially no deterioration in the solder-wettability of the
joint surface of the first member takes place.

Accordingly, the solder-wettability of the first member 1s
improved without increasing the load applied to the joint
portion during soldering. Also, the wetting of the opposite
surface by the solder 1s promoted. This maintains the bal-
ance between the solder-wettabilities of the joint surfaces of
the two members which are placed vertically. In this manner,
the joint surfaces of the two members to be bonded together
arc well wetted by the solder. In addition, a soldering
operation providing a high degree of gastightness can be
realized without using a flux since the soldering operation 1s
carried out while applying heat 1n a reducing atmosphere.

This eliminates the need to increase the load to the joint
portions during the soldering. For example, where a pressure
sensor unit having a sensor chip incorporating a semicon-
ductor circuit of a large scale integration, for example, 1s
bonded to a metal stem, it 1s not necessary to apply a load
to the sensor chip placed 1n a lower position while using the
stem as the load or to apply a load using other weight.
Hence, the sensor chip surface i1s prevented from being
scratched.

Furthermore, the soldering process can be effected with-
out using a flux. This eliminates a cleaning step which would
normally be needed to wash away flux residues after sol-
dering. Therefore, automation of the assembly operation 1s
facilitated. Further, the use of a Freon 1s dispensed with. This
1s elffective 1n protecting environment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view 1illustrating a fluxless
soldering process according to the invention, the process
being used to assemble a pressure sensor unit;

FIGS. 2(A) and 2(B) are diagrams illustrating results of

AES (Auger electron spectrometry) analyses of a surface of
a glass substrate prior to a thermal hysteresis;

FIGS. 3(A) and 3(B) are diagrams illustrating results of

AES analyses of a surface of a glass substrate subsequent to
a thermal hysteresis;

FIG. 4 1s a graph showing the relation of the intensities of
detected nickel (Ni) and oxygen (O) to the thickness of a
film of gold (Au) on a glass substrate;

FIG. 5 1s a graph showing the relation of the solder-wetted
area to the thickness of a film of gold (Au) on a glass
substrate;

FIG. 6 1s a graph showing the relation of the void area
ratio of a soldered portion to the thickness of a film of gold
(Au) on a glass substrate;

FIG. 7 1s a graph showing the relation of the ratio of
soldered products of good gastightness to the load applied
during soldering; and

FIG. 8 1s a graph showing the relation of the ratio of
soldered products of good gastightness to the thickness of a
film of gold (Au) on a glass substrate.

BEST MODE FOR CARRYING OUT THE
INVENTION

An embodiment of the present invention i1s described
below by referring to the accompanying drawings. In this
embodiment, a pressure sensor having joint portions which
have very small dimensions and are required to have a high
degree of gastightness 1s assembled. FIG. 1 shows the
structure where the joint portions are soldered.
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The pressure sensor 1s completed by bonding a pressure
sensor unit to a metal stem 3 consisting, for example, of 42
alloy (Fe 58% and Ni 42%). The pressure sensor unit
comprises a sensor chip 4 and a glass substrate 1 on which
the chip 4 1s mounted, the chip 4 consisting of a semicon-
ductor or the like. A pressure introduction passage 6 1is
formed along the central axis of the stem 3. A pressure
introduction port § going to the sensor chip 4 1s formed
along the central axis of the glass substrate 1. The introduc-
fion port 5 and the introduction passage 6 are formed
coaxially and 1n communication with each other. In this
structure, a pressure to be measured 1s introduced nto the
pressure 1ntroduction passage 6 and acts on the diaphragm
surface of the sensor chip 4. An integrated semiconductor
circuit formed on the chip 4 produces a signal corresponding
to the pressure, and this signal 1s detected.

In the present embodiment, the joint surface of the stem
3 is plated with nickel (N1) and nickel-boron alloy (Ni-B) in
succession. The glass substrate 1 1s made of Pyrex glass
manufactured by Corning Corp. T1, N1, and Au are succes-

sively deposited as thin metal film layers on the joint surface
of the substrate 1.

When the stem 3 and the glass substrate 1 are bonded
together, the stem 3 1s placed 1n position relative to a j1g 7
such that the soldered surface of the stem 3 faces upward.
Under this condition, a solder foil 2 having a thickness of
about 45 pm to 50 pm 1s placed on the bonded portion of the
stem 3. The glass substrate 1 1s placed over the foil 2 1 such
a way that the soldered surface opposite to the surface on
which the sensor chip 4 1s mounted faces downward.

In this way, an assembly of the stem 3 and the glass
substrate 1 1s completed by the j1g 7. Then, this assembly 1s
heated to 250° C. to 300° C., in a reducing atmosphere
where H,/(H,+N,) is in excess of 30%, preferably 30% to
50%, to melt the solder foil 2, whereby the stem and the
substrate are soldered together.

As mentioned previously, before the pressure introduction
port 5 1s provided 1n position, the Ti layer, the N1 layer, and
the Au layer are deposited on the soldered surface (lower
side surface in FIG. 1) of the glass substrate 1. The Ti layer
acts to bring the glass and the solder joint layer (Ni) into
intimate contact with each other. The N1 layer 1s used for
bonding to the solder. The Au layer serves to prevent
oxidation of the N1 layer. After the mtroduction port 5 has
been provided 1n position, the sensor chip 4 1s bonded to the
top surface of the glass substrate 1 by anodization. This
anodization 1s carried out at 350° C. for 15 minutes, for
example. During this anodization, the Ni layer and the Au
layer undergo a thermal hysteresis, and diffusion progresses
in these N1 and Au layers.

FIGS. 2(A), 2(B), 3(A), and 3(B) show the results of
Auger electron spectrometry (AES) analyses of the joint
surface of the glass substrate 1 prior to soldering 1n the
conventional structure. FIGS. 2(A) and 2(B) show the
results of Auger electron spectrometry analyses prior to
bonding utilizing anodization. FIGS. 3(A) and 3(B) show
the results of Auger electron spectrometry analyses subse-
quent to the bonding utilizing anodization. FIGS. 2(A) and
3(A) show the surface structures. FIGS. 2(B) and 3(B) show
the results of the investigations in terms of the relation
between the depth of analysis and the intensity of detected
signals.

As can be seen from these figures, no oxide film 1s present
on the surface of the glass substrate 1 not yet bonded by
anodization, the surface including the thin metal films.
However, after the bonding by anodization, an oxide film
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has grown to a thickness of about 1 nm to 1.5 nm even if a
cooling atmosphere after the bonding 1s a reducing atmo-
sphere. Specifically, in the joint surface of the glass substrate
1, N1 atoms are diffused up to the top surface by the thermal
hysteresis during the bonding by anodization as described
above. The N1 atoms appearing on the surface react with
oxygen atoms 1n later steps, so that the N1 layer 1s oxidized.
If this oxide film 1s present, the solder-wettability of the
olass substrate 1s deteriorated, as pointed out 1n the above-

cited Japanese Patent Laid-Open No. 218950/1991.

The Au layer 1s formed on the joint surface of the glass
substrate 1 to permit good soldering even in the assembly
direction shown m FIG. 1 without the need to adopt the
conventional scheme, 1.e., the glass substrate 1 1s 1mnverted
and the stem 3 1s placed over the substrate. The present
inventors discussed the thickness of this Au layer.

Specifically, the conventional Au layer merely acts to
prevent oxidation of the Ni layer. This layer 1s formed to a
thickness of about 80 nm also because the material 1s a noble
metal. In the presents embodiment, the thickness 1s 150 nm.

The increased thickness of the Au layer yields the fol-
lowing advantages. Observation of an Auger spectrum of the
soldered surface of the glass substrate 1 after the bonding by
anodization shows that as the thickness of the Au film
increases, the number of N1 atoms diffused to the top surface
decreases. FIG. 4 shows the ratios of detected N1 and O. It
can be seen that the number of N1 atoms reaching the top
surface and oxidation decrease with increasing the Au film
thickness.

The joint surface of the glass substrate 1 was placed so as
to face upward. The solder foil was placed on the joint
surface. The foil and the substrate were heated 1n a reducing
atmosphere where H,/(H,+N,) is 30%. The solder-wetted
arca 1s shown 1n FIG. 5. It can be seen from this graph that
as the Au film thickness increases, the solder-wettability 1s
improved. Thus, the solder can be applied to the whole
surface of the joint surface.

The glass substrate 1, the solder fo1l 2, and the stem 3
were assembled 1n the assembly direction shown 1 FIG. 1.
The assembly was heated 1n a reducing atmosphere. Under
this condition, the void area ratio of the soldered portion is
shown 1n FIG. 6. It can be seen from FIG. 6 that as the
solder-wettability of the glass substrate 1 shown 1n FIG. 5 1s
improved and as the Au film thickness 1s increased, the void
arca rafio decreases. The surface of the stem 3 was plated
with N1 and then with a Ni-B alloy that 1s cheaper than Au.
That 1s, the top layer was made from a Ni-B plating layer.
The inventors have found that even if the load applied by the
olass substrate 1 and also by the sensor chip 4 1s as small as
0.05 gf (1.e., the load acting on the joint portion), the
solder-wettability of the Ni-B plating layer 1s improved
because the solder-wettability of the opposite glass substrate
1 1s improved.

FIG. 7 shows the relation of the ratio of finished, soldered
products of good gastightness to the load applied during the
soldering. process. With respect to the gastightness, those
finished products whose leakage amounts measured by a
leakage test, usmng a radioisotope, are less than 1x10_,,
atm-cc/s are regarded as acceptable. The top surface of the
stem 3 1s plated with a Ni-B alloy.

In the present embodiment, the thickness of the Au layer
on the joint surface of the glass substrate 1 1s 150 nm. As can
be seen from FIG. 7 that mere apphcatlon of a load 0.05
of/0.08 cm” ylelds the same favorable effects as the con-
ventional method in which both application of a load 2.9
o1/0.08 cm and an Au film having a thickness of 80 nm are
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used. This load 2.9 ¢f/0.08 cm” is a load applied to the joint
portion 1n the known inverting method described in the
above-cited Japanese Patent Laid-Open No. 218950/1991

where the stem 1s placed over the substrate.

Specifically, 1n the present embodiment, the solder-
wefttability of the glass substrate surface 1s improved without
utilizing either the load applied by the stem or a separate
welght which acts to push the solder and cause 1t to flow. In
this way, the balance between the solder-wettability of the
joint surface of the glass substrate 1 and the solder-
wettability of the joint surface of the stem 3 can be
improved, the substrate 1 being located above the stem 3.
This assures good soldering. Also, even if the surface of the
stem 3 1s plated with a cheaper Ni-B alloy, the wettability is
improved by the weight of the solder 1tself and the balance
between the wettabilities of the joint surfaces i1s improved,
although the solder wets the Ni-B plating layer more slowly
than the Au layer. As a result, uniform solder-wetting can be
accomplished. This also permits good soldering. In this way,
a fluxless soldering process capable of assembling a pressure
sensor with a high degree of gastightness and high bonding
strength without scratching the surface of the sensor chip 4
having a semiconductor circuit of a large scale integration
can be realized.

FIG. 8 shows the relation of the ratio of finished, soldered
products of good gastightness to the thickness of a film of

gold (Au) on the glass substrate 1. The top surface of the

stem 3 1s plated with a Ni1-B alloy. The load 1s 0.05 g1/0.08
2

cm”.

It can be seen from FIG. 8 that good gastightness can be
obtained where the thickness of the Au film 1s set to about
130 nm. If the solder contains more than 4% by weight of
Au, then an Au-Sn alloy 1s grown excessively, thus deterio-
rating the strength. Thus, it 1s considered that the upper limit
of the thickness of the Au layer 1s about 360 nm. This 1s
based on the assumption that in the above embodiment, the
solder on the joint portion having a thickness of about 24 pm
after bonding contains 4% by weight of Au. That 1is, 1n the
above embodiment, the thickness of the Au film 1s 150 nm.
According to the present invention, however, the Au film can
be set between about 130 nm and 360 nm.

In the embodiment described above, during the assembly
operation, the component placed on the lower side has a
larger surface area and slightly mferior in solder-wettability
because of the use of the Ni1-B and N1 plating layers. In this
case, the solder-wettability of the joint surface of the upper
component having a smaller surface area should be
improved. However, where the lower component has a
larger surface area and better solder-wettability, e.g., where
the component 1s plated with Au, means for restricting the
portion of the lower component wetted by the solder to the
joint between the two components might be provided to
prevent the solder from flowing an excessive distance,
which would otherwise make the solder layer too thin.
Examples of the restricting means include a dam, a barrier,
and a groove for stopping overtlow of the solder and partial
plating.

INDUSTRIAL APPLICABILITY

As described thus far, the novel fluxless soldering process
can be effectively applied to a soldering operation where a
minute joint surface should be soldered with a high degree
of gastightness and high bonding strength. For example, the
invention can be effectively applied to assembly of a pres-
SUre Sensor.
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What 1s claimed 1s:

1. A fluxless soldering process for bonding together a first
and a second members, said first member having a surface
on which a nickel layer and an oxidation-preventing layer
are formed, said oxidation-preventing layer acting to prevent
oxidation of said nickel layer, said surface of said first
member undergoing a thermal hysteresis before a soldering
step, said process comprising the steps of:

forming said oxidation-preventing layer by applying a

oold film to a thickness of about 130 nm to 360 nm such
that movement of nickel atoms of said nickel layer to
a top surface of said first member 1s suppressed after
said thermal hysteresis;

placing said surface of said first member opposite to said
second member via a solder foil, wherein said surface
of said first member on which said oxidation-
preventing layer 1s formed 1s narrower than a corre-
sponding bonding surface of said second member, and
wherein during said step of placing said surface of said
first member opposite to said second member via a
solder foil, said second member 1s placed 1n a vertically
lower position than said first member; and

heating said first and second members 1n a reducing
atmosphere so as to melt said solder foil, whereby
bonding together said first and second members, and
wherein said corresponding bonding surface of said
second member 1s inferior in solder-wettability to said
corresponding bonding surface of said first member
after said oxidation-preventing layer 1s subjected to
thermal hysteresis and said corresponding bonding,
surface of said second member 1s plated with a nickel-
boron alloy.
2. A fluxless soldering process for soldering together a
olass member and a metal member, comprising the steps of:

forming a nickel layer on a first surface of said glass
member;

forming a gold layer to a thickness of about 130 nm to 360
nm on said nickel layer;

bonding a silicon chip to a second surface of said glass
member by anodization;

placing said first surface of said glass member on said
metal member via a solder foil such that said first
surface acts as a soldered surface, wherein said metal
member has a surface larger than said first surface of
said glass member, said surface of said metal member
1s 1nferior 1n solder-wettability to said gold coated first
surface of said glass member, and said surface of said
metal member 1s plated with a nickel-boron alloy; and

heating said glass member and said metal member in a
reducing atmosphere so as to melt said solder foil,
whereby soldering together said glass member and said
metal member.

3. A fluxless soldering process for bonding together first
and second members, said first member having a surface on
which a nickel layer and an oxidation-preventing layer are
formed, said oxidation-preventing layer acting to prevent
oxidation of said nickel layer, said surface of said first
member undergoing thermal hysteresis before a soldering
step, said process comprising the steps of:

forming said oxidation-preventing layer by depositing a
oold film to a thickness of about 130 nm to 360 nm such
that movement of nickel atoms of said nickel layer to
a top surface of said first member 1s suppressed after
said thermal hysteresis;

placing said surface of said first member opposite to said
second member via a solder foil; and
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heating said first and second members m a reducing
atmosphere to melt said solder foil, thereby bonding
together said first and second members,

wherein a bonding surface of said second member 1s
inferior 1n solder-wettability to a corresponding bond-
ing surface of said first member after said oxidation-
preventing layer 1s subjected to thermal hysteresis, and

wherein said corresponding bonding surface of said sec-
ond member 1s plated with a nickel-boron alloy.

4. A fluxless soldering process for soldering together a

glass member and a metal member, comprising the steps of:

forming a nickel layer on a first surface of said glass
member;

forming a gold layer to a thickness of about 130 nm to 360
nm on said nickel layer;

bonding a silicon chip to a second surface of said glass
member by anodization;

placing said first surface of said glass member on said
metal member via a solder foil such that said first
surface acts as a soldered surface; and

heating said glass member and said metal member 1n a
reducing atmosphere so as to melt said solder foil,

thereby soldering together said glass member and said
metal member,

wherein said metal member has a surface larger than said
first surface of said glass member,

wherein said surface of said metal member 1s 1inferior 1n
solder-wettability to said gold coated first surface of

said glass member, and

3

wherein said surface of said metal member 1s plated with

a nickel-boron alloy.
5. A fluxless soldering process for bonding together first
and second members, said first member having a surface on

5 which a nickel layer and an oxidation-preventing layer are
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formed, said oxidation-preventing layer acting to prevent
oxidation of said nickel layer, said surface of said first

member undergoing a thermal hysteresis before a soldering
step, said process comprising the steps of:

depositing as said oxidation-preventing layer a gold film
to a thickness of at least 130 nm selected such that
movement of nickel atoms of said nickel layer to a top
surface of said first member 1s suppressed after said
thermal hysteresis;

placing said surface of said first member opposite to said
second member via a solder foil; and

heating said first and second members 1n a reducing
atmosphere so as to melt said solder foil, thereby
bonding together said first and second members,

wherein said thickness of said gold film formed 1s selected
such that gold atoms contained 1n a solder after said
bonding 1s less than 4% by weight,

wherein a corresponding bonding surface of said second
member 15 1nferior 1n solder-wettability to said top
surface of said first member after said oxidation-
preventing layer 1s subjected to thermal hysteresis, and

wherein said corresponding bonding surface of said sec-
ond member 1s plated with a nickel-boron alloy.
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